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i^<HlAi ^^^^ =^ 9X^B.S. JL MIM ^sflAlBll- ^ ^Cf. 

iE. 3 

MIM ^2flAlE-1. JL 7^n^]^^i, 
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'?J-'S{Metal-Insulator-Metal capacitor having high capacitance, integrated circuit chip 
having the same and method for manufacturing the same} 

£ 1 ^ H 2fe #2flsl #^-^<?i^l-^#(ol*l. MIM) 7^2(l^lBl3l 

S. 3^ ^ ^11 ^Alc^jofl itj-^ MIM ?l2flAlE^S) ^7>:g| 5.5.0] t^. 

£ 4^ i 321 ^Al<^]<Hl it}-^ MIM J^sflAlBll- ^^3^1-71 ^tb ^11 e)Wl<^>^om-. 

:£ 5 ^^1 :£ 7^ £ 4^ ^11 eflol^V^^ ^V-g-srH ^^t!r MIM 7^3(1^1^^^ 

^ 9 S. 11^ £ 8^ :^]2 n<^]o}^^ ^>-§-s:H T^^tb MIM t^j^aIeI^] 

£ 12 ^ £ 13^ :£ 3^ m MIM ^sfl^lEi^ ^^^}7] ^tb ^13 ^ ^14 

£ 14^ ^ :^]2 ^^]<^M MIM tSj^A^Ie-Io] ^71-2] S-^o] t^-. 

£ 15 ^ i 16^ £ 149] ^Ajc^joil o].^ MIM ^3|lA]Eil- ^^*]-7l >^ll ^ ^]2 
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S. 17 vflxl £ 19^ i 15 ^ £ 16^ ^11 ^ ^]o]o].^^ MIM 9]^ 

-£ 20^ ^ m ^^1<^1<^1 MIM ?134)A1E-1S1 ^7}^S.^o]t\.. 

H 21 ^ 22^ £ 20S1 m ^^1<^H1 MIM ^IsflAlBll- ^^^7] m ^ 

£ 23 S. 25^ :£ 21 ^ 22^ ;^ll ^ /sfl2 eflolo>^# ^>-g-*><^ "^^^ MIM ^Hsfl^l 

i£ 26 tfl^l £ 30^ 3E 5<^1 S^]^ MIM THsflAlB] :^]Si »^^S] ^^^}7] ^ 

S. 35 tfl^l £ 38^ S. 5^] MIM 7]nx\B\ ^^^S] >|]3 ^ a] 6)11- ^4^t}7] ^ 

£ 39 ^ £ 40^ S. 6<^] iE^m MIM THsflAjEll- ^lS3>^ ^^^^ ^d^^7] ^^S. 
S. 41^ £ 25<^1 -£^1^ MIM 1}-^* ^d^^}7] ^tb ^^^^l^f. 

112, 212, 322 : afl^ 120, 220, 320 : bt}^ 
130. 230, 330 : -R-^^l^ 140 , 240 , 340 : ^^ 
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^sflAlB]^ n. ^S<m td-s^-^i, M0S(metal-oxide-silicon)7H^^lBl, pn ^^^] 

MIM THsiflAiEii- ;5ii5>it!: ^sTflAiEis.^ ^o]s. ^el^<>1M- 

^el§^ A>-g.^cf. ne-m ^els cf^^ -M^IS-^ ^ l-^ ^^^-^S 

^^^] wH^^(bias) ^'a-* <?17H>S^^ ^-f<Hl^ ^^(depletion) 
*>^, ^^^o] #<?]:^^>7fl 5lc>^ Tl^flAi^i :g;t<^l o^;^s:>7ll -B-^js);^! ^^cf. 

^el-^i. ^^-^lE^ ^-l^j-* ^^^1^ ^^^^^ ^711^ ^ ^o.!^. ^<a-/^ 

ttj.^ 7^311 A] ^<a-^l^( volt age coefficient temperature 

coefficient )7l- <=>^S.^ MIM ?13|)a]e17]- cf<a=t!- <^>^S.li 3.^ ^S. -§--§- ^ 

^1^^^ ^ ^(SOC) ^l^ofl 9X^. ^<^. -a--?-^ -i-^^ cij-^SH 

(mixed) -§-§-«^l ^-g-slfe c>>^Szl ?13i()a1e1 Hfe ^e], i^flo] h.S.>H1^i -fi-MH(main 

process unit) ^^3^ (decoupling) ?13||>»'1E^, Jl^s^ RF TH^flAlE-], ojufltqc 

(embeded) DRAM -i-<^1 MIM ?14^1ti7> ^-§-5]ji SX^. 
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<25> neic-il f^sflo^ MIM ^n^]^^^ ^^^91 9in ^]2i ^1 <^e1 7}p] ^:^]^ 

# i^#^r}ji ^^ll^H <^^;5l MIM TSJiflAlBlSl cl-Tg£7> £ 1(R. Liu et al . , Proc. 

IITC. Ill (2000)) ^ £ 2(M. Armacost et al., Proc. lEDM, 157 (2000))oll S-^lslo^ c^t^^ 

<26> £ 1 ^ S. 2-=^]^^ ^S. 10 ^ 12^ MIM T^sflAlE^l-. :f-J: 20^ t}^ 

30^ -fr^^l^^, 40^ ^-^ 50^ C/P_20^ ^1--^ 

C/P_40^ C/H^ D/D_20^ *>-^ ^^^i). ^^*>^ 

wfl^*. D/D_40^ "^^y^ D/R^ cfp>Ai cg^^ z]-z]- 

<27> £ io\ MIM THsflAlEiClO)^ ^-f^^l^ ^^(40)<H1 iL^J ^<a-^ ^7>*l-7l afl^( 

nl£Al)5i|- ^q-(40)ol *slzi(C/P_40)«^] ^«(| ^7]^o_S. -a^^cf. icj-e)- 

^1. l-s-l^(C/P_40)7> ^^*(C/H)^^^ ^^^A] A]z| ^^^^ ^ 

^UO)^ S^s:>7l7> C>1^^4Ai ^^(40)^ ^^^1 ^^^t} 

c»^o> ^Vcf. ZLeicfl >^:^ ^^(40)^ ^^]7\ ^^(40)^ ^fl^l^^M ^tb 

*>«-o^ ^^^1^30)01 3i|-3^ ^z]- ^^d\] h=.^S\o] y^o,^^ -^^^l^(30)«5l ^ 

z^-slcH ^>-^ ^^(20)ol B.B\i^7]] rt)-El-Ai -^^^1 B]-(30)ol Jif^tb ^^<^1 ^ 

<28> £ MIM ^n^]B\il2)^ ^^(40)<H1 ±^ ^<g-^ 9l7}^7] 

cfo>>^l al]Ai(D/D_40)ol €^(40)^4 ^7]^ AS. <a^5l<H 9X^. t^el-'H cfpfAi 

(D/D_40)ol ^^^^ cfn>Al <^^(D/R) X\o] v}^ 

^^(40) ^ -H-^^m(30)^ ^^7} ^7H>o^ ?1s(|Al^>i7> ^4i*>fe ^cf. 
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<29> ZLE]J1, S. 1^ MIM 7^2(1^1 H-K 10)^ ^4-, l-s1^(C/P_20) ^ 

€S1ZL(C/P_40)7]- 4^ Cf^ ^olo^ :il c>|>i^EHl* 7}^]^ €-^*(C/H) tfl<Hl ^-^^ 

s\jL, S. 23] MIM 7H3x(|AlEKl2)sl , ^^"^ ^^ofl ^<g-^ ^7>*>7l ^tb c1-i^>^ 

wfl^(D/D_40) ^ ^V-¥- dt^ 917^7] ^tt -^^ i=1-i^>^ wfl^(D/D_20)ol Ar|s. cf 

cl-p>Ai cg^CD/R) 2:^ -§-<^l*>^l7> ^nf. 5E. ^^^(C/H) ^ t:ft'>Al 

(D/R) A] ^^A^^]-^ *sl^5q- <!^z]- ^ofl ^^t^ ^A^^ ^^o] ^ 

4. ^, MIM TlsflAlE^ ^2:^ X\ ^]<^o] nj-eji ZL JL 7]^X\^^ 

<30> oj-SfA^ ^xgo^ ^o] ^^SflAl^^o^ MIM 7S2flA]El* ^ Ojl^ Afl^^ 

^2:^ MIM TSsflAlE-lo^ 7]]^ol o;icf. 

<31> ^ ^t^ol ol^ji;;^]. t}^ 7l#^ T^^^m^^ MIM ^I^AlEll- ;^1^$>^ ^ 

<32> ^ ^Vx^o] ol^ji^l- c]-s. 7]^^ ^ 7l3flAl^:^,o^ MIM THsfflAlBll- ^ 

<33> ^ ^t^o] ol^ji;;^]. t}^ ^ t:f€- 7l#^ ^7] Jl ?1iflAl^:iSl MIM ^laflAlEio^ 
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^>7l ^tl: ^fe ell'i^ afl-a^^l^l-. 

9lym^ ^11 tifl^4 ;H12 ^«a-ol ^7>sl^ ;*112 Bfl^. ^7l ^ ;Hl2 w|l>5d:e.^- efl^ 

<36> ^ li-^Sl >(fl2 ^Al<^loll H^-^ MIM ^J^l^lEi^ ^11 ^<^o] o]7}S]^ Hfl>Jd. ^7] 

<38> ^7] Cf^ 71^2^ 47^111- ^>^^€rl-7l ^^^^S ^#tb ^^1<^1*<H1 t^^- MIM 

n^]^^ s.^^}^ ^<^m. 

<39> ^V7l a 7l^^ 4^1* ^A^*>7l 42i , t}^ , ^7] 
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^7] ^11 lafl^uJl- ^#s;>^ ^7] ^^^ttcf. 

<40> til-^2j^]-7lS.^, ^7] ^^^^V^ ^^Ife ^71 -^^^M ^^1 <^1^ ^>^i:'>:i5Ll- 

<41> 71 ^Ajc^l^o^ ^^12^^ A>*J-*^ ^Mltt ^ i^l-<Hl 5L^5]<H 9X^. 

<42> ol^> ^Ssrl-o^ ^ ^^ofl icj-s. jjijj ^sflAlB] ^ H ^tt ^ 

Cl-<y:tV ^EflS ^oH, ^7] ^ ^Ajc^lS.^ ^ ^^o^ y^X\7} ^^^}S.^ 

^}^, ^^^^ ^1^* 7}^ ^V<^l7fl ^^^^ ^^1- ^^^Ml *a:^^7l ^tfl ;^l^£)^ ^ojDl, ^ 

^^<Hi ^o^^ ^<=>]^. ^ # ^ ^ ^^1^ ^ 

^S] ^0^1- ^^d- 711^21-^ ^^^ICf. ^A^jA-l ^^1<>|1 :g-<^ ^2: -^J:^ ■^'S 

<43> a. ^tgo^ MIM T^SflAlE^^ ^V-a ^^c]] ^^^o^ ^<y-^ ^7l-^>7l ^ WflA]ol ^>-« 

4 ellt^ tifl^-2.S ojc^.^ 

<44> £. 3^ ^ ^^'^Sl ^AHlo^l 4^ MIM ^5zllAlEl(lOO)fi] ^7}2|S-£.olc|-. MIM ^n^] 

Ei(lOO)^ Mn Mn+1 ^^-^S. ^^^^1=1-. Mn+1 Sfl't^ €^ 
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Mn ^^<^l£ Mn-i ^12 ^<a-(V2)ol <?l7>€cf. ^ ^^lAicni^i 

Mn-1 i^^l Mn+1 ^ n-1 ^^1 n+1 ^^(n^ ^^^)^ tifl^#(interconnenction layer)^ 

<45> ^ ^].«- ^^o^i ^7>£]^ ^'a-(Vi)2|- 42 ^<a-(V2)^ ^'a- ^>°i 

(Vdiff= I V2-V1 I )^ *>7l ^^^l^Cf. 
<46> [^^^ 1] 

<47> Q = c Vdiff 

<49> ^, MIM TS^^l^i^l -S.^^^ ^^]-^<^l 4^1- Vdiff^ ^ef^ ^t^. 

<5o> ^^Hl $Z<=H^i^ Vdiff^ ^-^ €*a-(Vdd)5il- ^^1 ^<a-^ ^Hl ^^t!-^. 

<5i> £ 3S] ^7>slS.£S. S.^]^ ^ ^AHlofl tc)-^ MIM 7H3£||>««lBl(100)^ S. 45^- 

Bfl^l<^>*^ ^>-g-^><^ ^ ^cf. £ 4ollAi 112^ ^^(Vi)ol ^7>5]^ 

wfl-y 114^ ;^12 ^<y-(V2)^l 'y7V5l^ Bfl^ B})^^. 120^ 140 

^ ^-^ ^l^ n^-ir, C/Hl^ ^11 tiflAl^ 34)^0. ufE}^T4. 

<52> £ 40^ 2llo]o>-g-^ ^>-g-*><^ T^^^ MIM 7^341 A] E^O^ EllolO>-g-0^ 

<53> £ 51- ^^t}^, ^^(140)^ ^^(120)51- ^Hl^sl^s. afl^l^oi 9X^v^ , 

^ ^^(120, 140) ^ A>oloil -e-^^l^(130)ol 7fl;^ll£)cH MIM 
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^SflAlEil- ^^^t}jL -^^^1^(130) ^fl<^l ^^^S\o] MflAi(n2)^ ^^^X\^]^ 

(C/Hi)^ -i-sfl ^^(i40)ol ^'a-(Vi)oi ^11 n^in2)s\. ^^-^j^. ^ 

^^^5)^ ^^*(C/H1)^ ^V^a^l- ^^(140) ^<^1 

tcl-sl-^i. ^'Sl- i^^^l^lia ^Efl^ MIM T^sflAlE-KS. 1 ^ :£ 2 #2:)^ 

(C/H) t^t:-}^ '=g^(D/R)2l-^ 7H^^^S. ^^^1 4€r ^<^1c1-. a. ^m-CC/HDo] ^^^^ 

^(130)21 ^^^l7l- ^7] nfl^ofl ^^#(C/H1)^ <H^^HHl7> 3)-t:|-. rcj-ej-A-l , ^efl^ ji 
ol^ajHwl* 7>>^m €-^*(C/H) q-p>Ai «:g«(D/R) ^^^Al ^>^5*>fe ^^]^<=>] 

^^(140)^ Mn+i ^^^^S. ^^^SlJl ^11 «fl^(112)^ Mn-i Sl]^^ 

^S. ^^^^cf. ^>:^ ^^(120)^ Mn eflt^l H^f^o.^ ^^^3^JI. tillAi(112):2|- 

Mn-i ell'i^ ^12 ^<a-(V2)«^l ^7]-£]^ vt^^ilU)^- ^^^^S. ^ 

^ ^^5|-#^ojlA-1 a>^3]*].i=f. S. 5S] ^^S-OflAifif :y-ol ^^fli Hl]>«d(112) ^ ^12 tifl^i 

(114)^ #^V^^^Hl05)i^«fl H^^KTi, T2) vfl<^l i^^^* ^ ^l* ^^7l;^l 

CMP) ^^^<^1 s]^ 5g^s).3r>o^ f^^^^^(105) vfl<^l 'a uflt^^JE-C embedded)^ cff]- 
^ Hfl-a-^-S. ^^^t!:^-. cfi^V-aC damascene) t^^I^"?] ^12: ^^^-Br IJ-*^ 

<^l<^l^i ^M]^ ^^tlr^-. cf°>^ tifl^^ €-^5- SA]^ <a-^ ^tfliEsq- :^ol afl^id '^^^^l 
« H^^KTi, T2) ^ ^fl^ ^ «>^'S<^1 ^^^^ ^^Bl-(iio) ^ H^^KTi, T2)l- °]1^*> 
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i <56> ^^(140)^ ^2:#(0l£Al)l-a!)-0| ^o^^ ^ sfl ^^-^ ^^^-a^-^l 

9X^. ^^(140)* ^tb ^,3^^(150) ^ f^^^<a^(155)-^ 

<57> wfl>a(112) ^ wfl>Jd( 114)34 cf^ Bfl^f^^^VSl ^ Mn+i 

<58> a, ^^(140)34 ^>-^ ^^(120)^ a7l^ ^H^el^fl^l-a^l 451- ^^^5]!^, 7>^ 

tl: ^sflAlE^ ^^o^ ^jr ^^o.^ ^-§-*>^ ^^(140)4 *>-^ ^^(120)2^ iwl^^^o] 

<59> 2. 6^ CMP^<^ m tifl^(112) ^ m «11^(114)# ^^^^ i£ 5^ 

^Ssq- ^e^, f^^V ^^^K105)^ CMP^H ^11 «ll'?d(112) ^ >^12 Hfl-JdClU) ^^4: ^^s}-^ 

^K102) ^^oil ^^^^ o]^ ^^$] A]z^- ^^o.^ ^flB-l'^^l-o^ ;^ll «l]^(ii2) 

^ ^12 tifl^ClU) sfl^# ^^]: ^'?i5^-(i05)^ ^^^>i ^=^11 tifl^(112) ^ 

^12 Bfl'JddU) ^^-^ #^ ^^^(105)^1 CMP ^S-^^S. *H CMP ^^l*l-<^ 

^11 ti]l^(112) ^ ^12 Hfl-iddM) ^^^1 ^^^^ 5g^>^ofl ox^^ ^c].. 7lE|- uj-Dl^l 

<60> :£ 7^ ^11 «fl'Jd(112) ^ ^12 till^(ll4)2^ :^?>|l7l- ^o}a^ ^^^7} ^^^}^] 

^^M-. ^11 «fl'ti(112) ^ ;^12 «fl^(114)Sl ^7]^ ^^':>l]>^i K^o] 7]^ 

^1 ^Jl ^o] ^-foil^ CMP ^-§-*H MIM TS^flAlEil- ^^tl-i=f. 

^^l^^S., ;^ll Hfl'$d(112) ^ ^12 Hfl^dU)^ ^1--^ f^^^^^(102) sflE^^ofl ^ 

Hfl^jd Bfl^-i-olcf. n^jL, :s>-^ ^^(120)^ ;*11i Hfl>a(ii2)3Jl-^ ^slsl:ii >fl2 hMCiu) 
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32]- 2]^^ o.^ ^^^>£^ ^Bi^^cf. tiB^(112)Jl- ^>-f- ^^(120)S1 ^7l^<y ^^o] ^ 

<6i> £ 8^ £. 32] ^7>^SS.^ SAl^ ^ ^tgo^ ^Al<^lofl re).^ MIM ?13£|1a]e1# 

*>7l ^t!: ^12 5llol<^>^<5lcf. ^12 wfl^S] ^1^^ ii#Al7l7l ^tt 2|1^(C/H2)* i:-] ^ 

<62> £ 8^ ^12 efl<^l<i>:g:l- Al-g-^r><:^ MIM 3ifl a] o] ;Hl2 el]olo>^o^ 

B-B'-tl^ ;^>€- ^^Hl-'?! £ 9 vfl^l £ 11:4 ^^^l ^^^^ ^tfl* ^ oj^cf. 

<63> s. 91- %V2,^].Tg^ ^}:^ ^-^(120)01 ;*|]1 ^ :^]2 afl^(112, 114)0] oj Hfl c] = 3^) o] %■ 

^^<^^(105) ^<^1 f-^^-^^^HllS) ^elJi 3r>:^ ^^(120)^ i=f 

€■ #^^^^(115)^flo11 ^^^5]c>1 ^12 Hfl-aClM)^ i.#Al7l^ s^^(C/H2)# -f-^ ^12 wflAl 
(114)4 ^#*>:il, 140)0] -R-^ ^1^(130) ^ #^^<a^(115) ifl<^l ^^^^ ^ 

^1-(C/H1)# -i-^ ^11 HllAi(ii2)j!]- ^^^r].^ ^]^3r]-Jl^ £ 5^^ "=^2^^ ^'U^}^. <>] 

^^-^CC/HDo] -R-^^]^(130) ^ !=]-€• f^^^^^dlS) vlloi]i?V ^a^s^jo^ <^]>i«!)H 

<64> £ ^S3r>^, ^11 ^^ai2) ^ ;*fl2 tiflAldU)^ ^^o] ig^sj-^ sg^^oil o;i£^ 
^>7l ^^l-o] #^^^^(105)* CMP^H ^11 «fl^(112) ^ ^12 til]>Jd(114)* 3gE]-sl-^ ^:?]:^ 
«gS]-(105)ifl<>)] *aHl]l^:E.A]^C]-^ ^<HlA-ln]- j£ Q9\. t^-^Jl l4ti]^] ■S-'a*>l=f. 
<65> £ ^S:^}^, Hl]Ai(112) ^ »]2 Hfl-adM)^ SflE]^^ ^ CMP^^* ^ -§-*W 

^Jl 7]:^ ^igo]] c]-^ f^^^*?l^^(115)^ ^^^t!: n^Se^-^ ^<^l>^i^ S. 9^ i^e^ u|-d]^1 ^ 
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<66> i 12 ^ £ 13^ £ 3^ ^7>SlS.iES. S.^]^ ^ m MIM ^^^] 

^] * ^^^7] m ^ ^14 e^l<^l^>:g:*o]rf. s.^^ ^i^o] ^}x:^o] sfl^o] c>}^J\^ 

<67> :£ 14^ ^ ^vi^o^ ^12 ^Alc^loil rrj-s. mIM ^ 2|1 a] (200)^ ■^7>2lS.iE.olc).. MIM y^^M 

Bl(200)^ Mn Bflt^ ^^3}. Mn+i 511^3] ^^^S. ^^^^t^. Mn+i 

Mn slM^l ^^JB-t:!- efl^^ Mn-i ^"^^ wfl^* -i-«fl ^<a-(Vi)<il 9l7}^x^. 

Mn sfl^^ ^^<H1^ Mx efl^(<^7lA^ X > n+l)2] wflAj^ ^«fl ;^i2 ^<a-(V2)<^l '?l7mrl-. 

<68> S. 149] ^7}S\S.^S. iA]^ ^ ^x^o^ ;tll2 ^Alo^lofl MIM Jlfl A] (200)^ £ 15 

S. 163J}- ;^ll ^12 ^lol<^>:^^ ^>-S-*H t^^^ ^ ^^1-. IE 15<=>\]^^ 212^ 

^*a-(Vi)<^1 ^7>E)^ ^11 an ^ all 220^ n^^, 240-& 

C/Hl^ ^11 wH^* h^^^7]7] C/H3^ i^#Al7l7l 

# 5fl€# ufEl-i^flrf. £ 16^ :£ 15oil THsflAjE-l^ -^J- ^^o.^ ^V-g-S]^ ^^-i: 

^tfl^^>7l ^tb ^]<=>M^o]^. ^-el-^i. s:>-?- 3ll^(220)<^l AVz^- <:g^ 5>^^ofl i:-] 
^wl3:>j7 i^#Al7l7l ^tb 211^(C/H3)<^1 «-¥-<^l ^<H1 9X^^ 

^11 sfl<^l^f:g-^ x^u]7] 3111 ^-i-o] 7l^^^ H})^^ ^^^>cf. £ 12 ^ £ 13^ d>:5}-7> 

3fl^s.(c/H2. C/H3)«^l x:1-^7l]Sl ^tfl^^S ^a^^ ^ o;^^^ #€-<^l^-. 

<69> ^A]<^1* ^^*>7l ^tb ^12 511<51<5V^^ £ 15 H 16# >^>-§-*H 
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<70> £ 17^ ^J15^>^, -^1-^ €^(240)^ ^^(220)^ iLWl^SlS.^ ^^]^o] $X^^ . 

^ ^o^-^ ^^(220, 240) ^ A>clo]l -^^^ls]-(230)ol 7]\:4^o] mim ^l^flAjEil- ^>^^^>^ 
9X^. m ^^(Vi)ol ^7>£)^ wfl>a(212)S^ ^^^(C/HD* -i-«fl 

^^(240)<5l ^11 tifl>a(212)52)- ^#tbcf. ^-^ ^^(240)^ Mn+i lE^f^o.^ ^^^^JIL 

^11 «fl^(212)^ Mn-i sll^^ T^^^^^-. i£, €^(220)^ Mn eflt^ 

S ^el^. #^^^^-(255. 250) ^ -R-^^l^(230) vflojl ^^^s\o] 

(220)^ i^#Al7]^ €-^*(C/H3)# t-fl^^V^ €r^ l-5l^(C/P_220)# ^12 

€°d-(V2)* 'el7l-sr].7l ^t!: ^12 tifl^(Mx)(T^lI^^l)4 ojsl- ^o] ^>«- 

(220)* 1-&|ZI(C/P_220)» ^^*>c1e1-£ -^^^^^ ¥^11- ^±^^7] ^ ^ 

7]^^ 4^11- ^ ^4. 

<7i> 3£ afl>a(212)^ ^^o] ^^Sl-^ ^^^Hl *>7l ^^}<^ ^^^^^ 

(205)* CMP*><^ ^11 ail^(212)ol ^^l-sj.^ #^^<a^(205) tflo)] <y yfl ^ 
, £ 19^ #^^^^(202) till (212) ^fl^* ^^^^ ^. CMP^^* ^-§-«1-^l 

^JL 4^ #^^<^^(215)ofl ^«fl >lll tifl>Jd(212)3). 3;>-^ ^^(220)* ^'^M^ ^3:el-^ ^<Hl 
A-^nV z^-z^ £ 172). cf^ji ulc^^l ^2:1-^ ^^s:]-c)-. 
<72> £ 20^ ^ ^^5] ;^13 ^Ajc^jo]] oj.^ MIM 9]^X\b](300)^ ^7}s\S.^o]x^ ^ MIM ?^3flA] 

Bl(300)^ Mn eflt^ Mn+i ellt^ ^a-^ ^^-^S ^^^^4. Mn+1 

-^'^ H^lt"?! Mn 511 Hfl^* ^'^-(Vi)'^! 9l7}^y^. Mn ^fl^^ 

^^^]^ Mx sfl*§(^7lA^ X > n+l)Sl tiflAl^ ^^2 ^<a-(V2)ol ^7^1:1-. 
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> £ 20^ -^7V5l^iS ^ ^^S] ;^fl3 ^^Hlofl n].^ mIM ^1^1 (300)^ S. 21 
S. 22S1- ^11 ^12 eflolo].^-^ ^>-§-*><^ ^ 9X^. S. 2l<^]^^ 320^ 
3^^^, 322^ ;^lll ^'a-(Vi)ol 917}S\^ m Bfl^ 340^ sfl^^, C/Hl 

^ ^11 afl^^ iL#Al7l7l 3))^^. C/H2^ ii#/«l7]7l 

^tb efl<^l<^>*<^lcf. ^-e^^i, sfl^(220)ol a>z^- ^^6\] ^ 

^11 ^^]'^]<>}^^ Cf» ^ 7l^a^ol tifl<go. -^.^arVcf. H 12 ^ £ 133]- p>:5V7]- 

^IS, 3^€*(C/H2, C/H3)ol cf=^7llSl ^ 1-^<^14. 

i> ;^]3 ^>^H1» ^^s:>7l ^11 >H12 ell<^lc>>^^ S. 21 2.^ S. 22* -^V-g-*}*^ ^ 

^tt MIM ^sflAlEio] ;Hll ^12 ^l<^l^>l-^2] D-D'^^ ^B}- T^s, ^^£.^oi _£ 

> £ 23^ %l-S^>^. ^^(340)^ ^^(320)4 ^tH^S|lE^ «fl^lsl<H 9X^^ , 
^ ^^(320, 340) ^ A>oloil -^^^lB]-(330)ol 7ll7fl£|o1 MIM tHsDaIeII- ^a^«:>J1 

91^. -^-^^1^(330) ^oil^^^sjo^ al]Ai(322)^ ^^#(C/H1)^ ^ 

^(340)0] ^<a-(Vi)<^l ^7>S1^ HflAi(322)4 ^^(340)^ M^+i 

S^f^^S. ^^^s)Jl ;^lll Hl]^(322)^ Mn Bll'i^ £^#-2.^ ^^^^cf. ^^(320) SE^ 

Mn ^ms] £^#o.s ^-^^^i^f. H^lJl. #^€^^(355. 350) ^ -^^^1^(330) ^<^1 ^^^s] 
<^ ^1-^ ^^(320)5] ^i-ig-g: ^E«^(C/H3)^ i^fl^^m #s1^(C/P_320)» ^ 

^ ^12 ^'^■(¥2)* <?17>§>71 ^t!: ^^$] ^]2 tiM(Mx)(^l5EAl)ui]. o^:l^t:1-. 
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<76> ial-^^^>7lS.^, ^^(320) ^ ^11 all^(322)^ ^^-a-'^H] 9X^ ^ 

ol ^^>o^ s|^5|.s.^cHlA^ ti].^^3r>cf. rcj-s^-A-l s. 2321 cfigi£c,flA-l5>f ^ol ^>w. ^^(320) ^ 

^11 Bfl'a(322)^ ^^^(305)i^<^l ^^^^ H^^ldb, T2) S.^^* ^ CMP 

4°>^ wfl^<^m-. ^^}^ tifl^^ ^-^S. SAl^ <a«. ^cfl^sq- :^o] H^^KTb, 
T2)^ ^ yj-^-^'Hl ^^^^ ^J-^ ^^^-(310) ^ B^^KTb. T2)» i 

^^(311)-5-S. ol^o^^tq.. till^(322)i|- t\-^ tifl^Jdf-^^ 'S-:^ ^^1 ^ Mn+i efl^ ^1 

BflAi #0^ zl- c:>i^Bi^io]/^oil icj-el- s-^^cf. 

<77> £ 241- ^^^}^, ^^(320) ^ ^11 «l]^(322)ol ^1--^ #^^^^(302) ^^1 

^}JL, CWo\] S]^ ^^s\-^ ^^^^5l-(305)i^<^] 'yafltlJE.^ £ 234- 

<78> £ 25» ^S*>^, ^^^^^^^(302) >S-<^1 sflBl^ofl Sitfl ^A^^ ^^(320) ^ 

^11 «fl^(322) ^^17> ^<iH ^^^1^(330) ^^(320)2|- wfl^^d 

(322) ^7]^9l ^9^<=>] 71-^*1-1:1-^ CMP<H1 ^«fl ^<?^^(305)# ^S^*>J1 

MIM ^sflAlE-ll- ^£ SX^, 

<79> ol^> i 26 vfl^l :£ 30^ ^S^l-o^ ^ ^vi^o] ^AHlofl nl-^ mIM ?l3x|lAlEi» ^^*> 

7l ;^ll efloloV^oi j£ 4^ Al-g-s:>ol S. 5ofl 3E.A]^ MIM T^aflAlE^l- ;H1^*1-^ ^^^^ 4l 

^^Hll- ^'^tl-cl-. 

<80> ^^:\^ s. 26^ ^<=>], *>^<H1 Mn-2 ^^]^}^ 7]%iX2]^X\) ^ofl 

^-a^ClOS) vfloil ;?ili ^ ;qi2 tiflA^ol c^<^^ ^^^}^ B^^l#(Ti, T2)^ 
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^^i^ ^11 ^ ^12 H^^KTi. T 2)^ ^V^-^l ^^^(110)^ 

^o.^^Bi o]}=^ *>^# ^^J^ ^ o^r^, c^l^cfl, Ta^, TaN^. TaSiN^, TiN^, TiSiN 

mn, wsiN^^ A>-g.^ ^ o^lcf. ^^^(110)^ ^ ^12 H^^ldi, T2) 

<H1 ^11^51^ ^^^^ €^>7> f^^v ^-a^dos) ^fls ^^>5l^ 

^J-^^(110)ol ^ ^12 H€^l(Ti, T2)* ^^^] "fl^^m S^mill), ^ 

^^^tbrf. £^^-2.^^ #^5. rl-P>A] ^^ofl #^<^1 

<8i> ^e1(Cu)ei-# ^^^^V^ <^1S ^^tbcf. ^^-1 ^J-^^(110)o] ^ 

^ ^12 H^^KTi. T2)^ M1^52). ti>c^ofl Cu #;^Kseed)^# ^•^'Hl . m 

^ ^12 H^^KTi, T2)» ^^^1 °fl^^>^ Cu^(lll)^ ^7] £#(electroplating)'^<Hl ^S}'^ 

<82> olo^A^ j£ 27^- ^o], ^<a^(105)fil ^^<^1 S-S^M-iE.^ £.^^(111)2}- ^^B]- 

(llO)fi] CMPS. ^^tl-t!-^-. n M„-i ellt^ tifl-a^*^ «B^*>i^. 

7} m wfl^(112) ^ 42 «H^(114)6l ^^^^n]-. 

<83> ^l^^flA-l, Mn 7l^^^oii ^^v^v ^ on :^>^i-o^ A]-^ .jOz^- ^;^o.^ 3fl 

E^^*>cx^ *>-^ ^^(120)* ^^^tb^-. ^^(120)«:>1 >I12 «fl^(114)az)- ^#*>£. 

^ 3flE-l^t!:i=f. ^^(120)-g- S^^^S^ ^^n. ^ 

^ S^s^-o.^ o]^o]^ ^o^S.^B\ o^i^ ^j-q-l- ^^^^ ^ o;^t:f. '^j^cfl, A^, Ta^, 

TaN^, TaSiN^, TiN^, TiSiN^. WN^. WSiN^ ^ ^l-i-^l S^b^-oI A>-g-^ ^ ojcf. a. ^a-^ 
•^i-^tl- ^l-^ Cu^ Cu^^^-^ Si^^S. o]^<^^ o]^^. ^^^^'=>] ^}-%-^ ^£ 91 
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cf. lan^- Cu^^ <^1^^. TaN^:2l- Cu^S] oj^n^-, Ta^, TaN^s}- Cu^2] 

<84> ojO^Ai, £ 28<^1 £Al£]ol H^^q. ^o], ^^(120)0] ^^^£]<H ^ 

^•^-fl -B-^^1^H130)^ ^^^tt ^. -^€^1^(130) Hll^(112)^ ii#Al^l7] ^tb # 

^^(C/H1)# ^21*1-^ iSefl^l^H sfl^CPR)^ -B-^^l^(130)^ MIM TSiflAlEi^ 

si ^>-S-Sl^ -B-^^m.^^^ Si02^. SixNy^. SixCyS]-. SixOyNz^, SiACz^. Al^Oy^, Hf^Oy 
^, TaxOySl c^lS. 1: ^ $Zr:f. ^^(120)*^1 Cu ^^^^ ^-f ofl^ SixNy^. 

SixC y"^^ ^""^^ ^^^^ -iVsl-^^^ ^^^s>^ ^o] vi}^2^^■x:]■, c^l* 

-^^^1si-(l30)-^S.A^ SixNy^sf SixOyCz^^ <^1^^, SixNy^-^J)- TEOS^^-^I o]^^^ sixNy 
PEOX^^ o]^^, SixCy^^l- SixOyCz^^ SixCy^:^ TEOS^^ ^]^^, iE^ SixCy 

^■4 PEOXB]-^^ ol^n^ :g.o.5. ^A^^ ^ o;^cf. o]^^^, -^^^^ SixNy^34 ^^^2] o]^^ 
lE^ SixCy^^^l- -a-sj-^l-^ ol^n^o.^ ^^j^m ^J^B-^lBl^ ^^^o] 7fl^^ ^ SZcl-. 

<85> T^sflAlE^o^ *>7l ^O.S. ^Nl^^Cf. 

<86> [^n-^ 2] 

<87> C= 8 X{A / d} 

<88> (<^7]^^, ?l3ii]A]^i, -H-^-i:, ^^2^ -B-Jl ^^ , ^V^lsl ) 

(A)* ^711 1)-^, A>olo^ ^V^(d)* #7fl ^ -B-^^(e)<:'l ^ ^^^-g- 
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<90> ^, ^t}^ -B-€^imi30)Sl ^B|-^ ^ o^z^, ^>-g-*>fe 

nv^o] o.^ ^v-7> 3.901 Si02^i-^a 345A^ ^^^1^ ^-^^^l-i. ^V-g-^V^ ^^<^1 -B- 

^ '^i-^7> 7.5<?1 SixNy^'a 664Afil ^>^^*>^ ^-^l ^^'^ ^5flAl^>:7> 
1.0fF//fln27> ^cf. 

<9i> o]o]A^^ i 29<^1 -£Al£|oi o;i^ w>sq- ^o] , ^LJ&efl^l^H 3ifl^(PR)^ <J:i2^-p>iaS A>-g- 

-a-^^imi30)^ <^^*H ^11 «fl^(112)* ^^*(C/H1)^ 

(ashing) ^ :±^B2l3lll- A>-g-^ ;^]7] ^^c]] o^ti] ^LS^Il^l^B 3fl^(PR)# ^]>\^ ^, 

n ^^^^S 3llE^^^l-0^ Hl|Al(112)a!l- S^^(C/H1)^ ^*fl ^ #^>fe ^1"^ ^^(140)* ^ 

^^tb4. ^^(120)-g- A>-g-^ 1-^ o^i^ ^^miE ^^(140)-g- 

<92> o]^, sos\. ^o], .^w- ^^(140)* Ji^*>7l ^^^^(150)3)- f^:?]: ^<as)-(i55) 

^ ^>Bllcfls ^^^t!:^-. ^^^^^(150)3)- ^^^(155)-^^.^ TEOS^, PEOX^, SixOyCz^, 
SixOyFz^. SixNy ^ ^^^iLVcf. ^11 Hfl'Jd(112) ^ ;^12 tifl>a(114)il- «fl>5d#^^ 
^o^^ ^^1 Mn+i 511^ <^1^^ wfl^ z^- <H1-S1?)]<51^<^1 trfel- 

<93> £ 31 S. 34* #2:*H. £ 5<^ MIM THaflAlB]!- ;*llSB:>fe ^^^$] ^a] 

<94> ^^:\^ i 314 ^o], t}^ ^^(120)^71-^1 7]:&S] ^igoi] -B-^^l^(130)^ 

4^, o]^ *>JE.c>^3(dual hard mask: DHM)^(132, 135)^ ^'^^^cf. <^lf' *>:e.p>>iH *>^^ 
(132)^ S.^ 1-^4 £^ 1-^^ ^''V-S-^H ^^^^Vfe ^o] 
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^^Sl- ^^<^l^i «V^^*>cf. <^1<^1 cflsflAl^ o]^ 2rl-=P>^a ^Y^(135)^ 

^^^oflA^ ^ifl^(C/Hl) ^^^^ ^tb -^^^1^(130)51 ^z^-A] ^Ajofl ;^]7l^ ^ o.^^| 

^(130)21- Hfe -e-A>tl- ^z]-^^ ^]^^ 1-^* >««>-§-*H ^1^<^1 ^^1^ ^ 

■^^W. «>^^*]-7lS.^, -^^^1^(130)2f ^<U^ -B-^^l^(130)3] ^^tb ^^1 

^^^*lri=f. ojc^^A-l, o]^ B^V^pj-ciH 4>^5^(135) ^<^1 m ti)l^(112)* iL#Al7l7l ^tb €• 
^■&(C/H1)^ ^^*>^ 3^I|^(PR)^ ^^^^t^. 

<95> • £ 321- ^2:cr>^, iLS.e^lxl>iB sfl^CPR)^ ^z^-l^>i^l3^ >^>-§-*><^ '=>]^ t}^n}^3i ^ 



-1 



t}^na35, 132)^ ^V^l^flS. ^z]-*><^ ^^*(C/H1)* ^^^>^ o]^ ^>^n>^3 



^^(PR)# ^iTltbcf. 

<96> £ 33^ ^2:^}^, s:>^p>>ia(DHM)l- ^z]-p>^aS -B-^^l^(130)^ ^ 

^^}<^ AM afl>a(112)# €-^*(C/Hl)^ ^^^W. <^l°fl -H-^^l^^(130):4 <^1^ s> 

:^^>:^ia(DHM)^ ^-^^-(135M)^ ^^^^ ^ S^*><^ -fi-^ ^1^(130)01 -f-oV o]^ 

(C/Hl)^ -^Ajoil o]^ 3^>^pf^a(DHM)^ -^^-^^(ISSM)*^! -2.^ ^]7]S\JL o]^ ^}^v}:^ 

3L(DHM)^ *1-^^(132M)'?]: ^Tll ^t^-. o]^ ^>:^p>:ia.(DHM)^ ^^b]-(135M)^ -B-^^1^(130) 
^ ■^'a -i-^ ^^^*>ul <Hl^l«-fl^ ^^m^ ^B-^ -g-<^l*>7ll ^^#(C/H1) ^ 

^^l<=>fl ^l-^^(135M)ol ^HlTl^cf. ZL Br>-^S^-(132M)^ S^o] i^^^cf. 

<97> £ 34* ^2:€r>^, o]^ ^>^nV^3 *1-^S^(132M)<^1 ^^g-g- l-^^)- -g-<^ 

^^^£)<H 9X^ ^-f . o]^ *V=p>iH «1-^^(132M)^ ^^^^] ^-¥- ^ 
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^(132M)^ 3L^^\c^ ^^^-§- ^\ ^, 

^^^-§- o]^ ^\^^\^3.2\ ^}^^-(132M)# 2j)El^*>c^ ^-^ ^^(140)^ ^^^^ 

<98> ^Ajc^loil A^z]- ^:^oil -^^^1^(130) tfl<Hl ^^tCC/Hl)* ^^jtb ^. 

Sefl^l^H ^€(PR)* <^l=^^>fe i^V^^^l^i ^^{0)2) #5l-^^H -^^^1^(130) a^o] ^ 

^^11, ^^*(C/H1)<H1 21*1) Hflva(112)«5l ^^m. ^ SZ-^M-, ^12 ^^1(^611 ir).5.i^ 

^, -B-^^l^(130) ^<^] ^^^(C/Hl)^ ^<^1, 5L£5il^l^H sfl 

€(PR)* #H}Sn>l- Af-g-^V^ <^l^o.^ ^iTlttrq-. o]6\A^^ o]^ ^}^^}^^3.imii)-%: 

n>i3S. ^\^t\c^ -^-^^1^(130) vflofl ^^^(c/HD* #e|-^pHl -R- 

^^1^ S.^o] ^^^JL ^aj^(c/Hl)o11 aflAl(ii2)ol ^Vsj-S)^ ^^o] Jl4^ 

<99> £ 35 ifl^l £ 38* %^^^><^. £ 5<>fl iEA]^ MIM t^J^^I^I* ;^l2:*>^ ^^^^ ^13 

51^ ^12 ^Alci^lsf ^>ol7> ^cf. 

<100> £ 35» %i-S^>^. ^^(120)^?M 7]^9\ ^^^6\] ^^^lBi-(i30)* ^^^tl: 

^, ^V^n].^3. ol^n^(i33, 135)^ <^1^ «1-^^(133)^ -R-^^l^ 

(130)<H1 ^ ^^^tbcf. c^l* 1:0^ -^:?i^ln]-(i30)o] >a:Sl-5^-o.^ ^ 

^1^ srV^Pf^a. ^1-^5^(133)^ 130)0] 

€ ^-f<Hlfe *>:E.n>i3. ^>^B]-(i33)^ ^'^^^l-^-. ^\^A^3. 

(135) atl- ^^^-^S ^^^^q-. w>^2j^>7lS.^ -^€^m(130)4 ^^tl- >^l-g-*H 
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^^11^(130)^ ^^]s>\- -^^^V ^^i^^. <^l<^^i. '=>]^ ^}B.x^}^3. ^^mi35) ^ofl 

^11 Hl]^(112)^ i^#Al7l7l ^^^(c/Hl)# ^^*>^ 3££efl:^l>iH 2fl^(PR)^ ^^^^4 



<ioi> s. 36* 2l)^(PR)* -^A^^y^a-s. ^}'%-^^ s^v^^^v^a ^ 

^ ^>-f ^(135. 133)* ^}^MS. ^zl-s:>o^ ^ifl^(C/Hl)* ^^t}^ o]^ ^>^pV>i3 
(DHM)l- ^ a\^^ ;ql7l ^^<Hl Q\n 

<i02> £ ^S^l-ig, ol^ 3]-:=P>>ia.(DHM)l- ^^p]-:ia^ -H-^^l^(130)* ^ 

z^^>o^ ^11 wl]^(112)* €-^*(C/Hl)* o]u^ -8-^^1^(130)52}- o]^ ^> 

:E.i:'>i=L(DHM)^ ^^^(135M)^ ^z^"** ^ -R-^^l^( 130)^1 ^^3£]^ ^«yh o]^ 

s> = n>>,a.(DHM)S] -^-^^(135M)ol S.^ A^z^-s)iE^ -g^tlri^V. ^>=T^>:ii3. 

(DHM)2l ^>-f-^(135M)* -B-^^fl^( 130)31- ^^S. ^^]S. ^^^^ ^-f <^Ml«J^oll 

^*ll -§-<^l*>7fl o]^ *l-=T3>>iH(DHM)Sl ^-?-Bl-(i35M)*- ^iTl^^^i:!-. ZL^aq. s^^(c/Hl) 
^ ^^^^ ^^Hl <^lf^ ^1-=^>^3(DHM)^ ^-¥-^(135M)<^l 2.^ :^]7]^JL o]^ *>S.n>^3 
(DHM)^ ^l-^el-(i33M)Sl K^o] ii#^cf. 

<103> £ 381- %v^^>iS, o]^ ^>^p>ia(DHM) ^>^5l-(i33M)* :^]7]t}<^ -^-^^l^HlSO)^ ^ 

o]^ ^^^}^3.{mi) §>-?-^(133M)2l ;^l7l^ -B-^^l^(130)3|- *>^B^-(i33M) 

(112)* 2r:#Al7l^ ^Bfl^(C/Hl)* ^^M^ -8-^^m(130)ol iL#^nl-. 

50-25 



V020030003296 %^ 'U^}: 2003/9/26 

^(130)54 ^11 «fl^(112)S^ S.^o] ^tlr <^1^ ^^^] ^V-g-i]^ 

<i06> s. 39m^l £ 40^ ^ ^^9] >^X\c^]o\] MIM tS^^I^^S t^^*>71 ^tb efl 

<107> s. 39Si\- :y-ol, ^>«- ^^^^^"^(102) H^-i ^^J^ ^, -f-'^ 

^ <^z| ^;^o.s sflB^^^l-ci^ ;^ll 011^(112) % :^]2 till^(114)-g: ^^^t!:T=1-. <^l<H^i 

afl^ ^ ^12 wll^(112, 114)* ^<^^]f]7] #^^<?i^Hl05)* ^^1^ 
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